Mr George Dalton (Queen Elizabeth Hospital, Birmingham, B15 2TH) Transsphenoidal Hypophysectomy for Pituitary Tumours Functionless pituitary tumours only manifest themselves by pressure effects such as headache, visual disturbance or endocrine deficiency. They are therefore likely to be large when diagnosis is made, and to be referred to and treated by the neurosurgeon.
Any series presented by an otolaryngologist and treated by transsphenoidal hypophysectomy is likely to contain a preponderance of functioning tumours in which the clinical effects of pathological hypersecretion draw attention to the pituitary fossa while the tumour is relatively small. This is particularly true of pituitarydependent Cushing's disease (Cushing 1932) , in which the clinical effects are florid before much sellar enlargement has occurred, and rather less so in acromegaly where the slower onset of physical changes may allow more sellar enlargement and suprasellar extension to occur before the diagnosis is made. The paper records personal experience in 15 cases of Cushing's syndrome, 21 of acromegaly and 4 of functionless tumours.
Cushing's Syndrome Over the past nine years 14 women and 1 man, aged between 24 and 65, have been operated on by the transsphenoidal route. All were obese and 14 of them could fairly be described as florid examples of the condition. Most of the women had some degree of hirsutism and acne, and of the 9 below the age of 45, 5 had amenorrhoea and 3 scanty and irregular menstruation, while the man complained of impotence. Cardiovascular changes included hypertension with a diastolic pressure of 120 mmHg or higher in 8, and headache and general weakness were commonly complained of; 4 patients were frankly psychotic including the one in whom the other clinical features were less marked.
These 15 patients were referred by seven different physicians and preoperative assessment had been carried out in several hospitals, so investigations were not fully standardized. We have latterly placed more reliance on blood steroid analysis than on the 24-hour urinary excretion of 17-hydroxycorticosteroids to confirm adrenal cortical hyperactivity. Although the dexamethasone suppression test is of considerable value in determining pituitary dependence, the results of this test were sometimes equivocal and were always considered in conjunction with adrenal radiography, which is not always easy to interpret in an obese patient. In 2 patients surgical exploration of the adrenals had already been undertaken and pituitary dependence established by the finding of adrenal hyperplasia.
In no case was the sella turcica radiologically enlarged, nor was any suprasellar extension demonstrated by air encephalography, but in several there was a degree of decalcification of the sella as part of the general osteoporosis. This absence of sellar enlargement is in marked contrast with the 21 cases of acromegaly in every one of whom there was radiological evidence of expansion.
Operative Findings
In 7 there was an obvious cystic tumour containing gelatinous white material, in 2 the whole gland appeared to be mushy, in 1 the gland was rather knobbly and firmer than normal, while in 5 the appearances through the operating microscope were entirely normal.
Histological examination showed clear-cut encapsulated adenomas in 7 cases, 3 of them basophil and 4 mixed basophil and chromophobe. In 4 others there were definite areas of focal hyperplasia of basophils. In 13 cases the basophils in the remainder of the gland showed Crooke's hyaline changes (Crooke 1935) , while in 2 no abnormality of any kind was found; but it must be remembered that tissue, especially semisolid or liquid tumour is often lost in the sucker. It is interesting that in each of these patients in whom no histological abnormality was found, a good clinical result was achieved.
Postoperative Assessment
One patient, who had made four unsuccessful suicide attempts before hypophysectomy took her own life two months after operation. In the other 14 regular postoperative assessment has been carried out by one endocrinological team headed by Dr Ronald Fletcher, who followed one patient from the time of operation until her death 44 years later and the 13 survivors from the time of operation until the present time. The follow-up period ranges from ten months to eight years.
They found that one patient showed no clinical improvement at all and nine months after hypo- physectomy further investigations revealed an adrenal tumour which has since been successfully removed. The dexamethasone suppression test had been very equivocal but adrenal radiography had suggested bilateral hyperplasia rather than a tumour at the time of hypophysectomy. Of the remaining 13, one has achieved only partial remission of Cushingoid features, 2 remain overweight with no other stigmata of Cushing's disease, and in 10 the appearance has reverted to normal (Fig 1) . One patient died 4years after operation and is referred to more fully below. Apart from the one adrenal case, all patients lost weight postoperatively, the losses ranging from 4 to 47 kg.
Blood pressure measurements show a very satisfactory remission of hypertension (Fig 2) .
Steroid levels (Fig 3) have fallen to near the normal range even though 9 patients are still on steroid replacement therapy. A notable exception is Case 5: this patient has achieved an excellent clinical result and needs replacement therapy to maintain her in health, yet has a very high urinary excretion rate. The only one in whom steroid levels rose postoperatively was the patient subsequently found to have an adrenal tumour (Case 14).
Menstruation and Fertility
Of the 9 women who were below the age of 45 at the time of hypophysectomy, 5 had amenorrheea and 3 scanty or irregular menstruation. Postoperatively 6 have regular periods and 3 have become pregnant, resulting in three live births and two spontaneous abortions. This must indicate a good deal of recovery of gonadotrophic function.
The patient who died 4j years after hypophysectomy was a West Indian woman who had previously undergone total right-sided and subtotal left-sided adrenalectomy in 1964, at the age of 24. Both adrenals showed hyperplasia and remission was only temporary. By 1967 she was grossly cushingoid with a blood pressure of 210/ 130 and as biochemical tests indicated that this was of pituitary origin, hypophysectomy was carried out in January 1968. A cystic tumour of the pituitary was discovered; the contents escaped in the sucker but the remainder of the gland was removed and histological examination showed an area of focal basophil hyperplasia. The empty sella was packed with muscle at the conclusion of the operation. There was rapid and complete disappearance of cushingoid features, she recommenced menstruation a few months after operation and conceived on two occasions although neither pregnancy proceeded to term. Her blood pressure fell to 120/70 and she remained apparently completely well but needing cortisone replacement until August 1972, when she collapsed and died from an unsuspected cardiac myopathy. At post-mortem it was found that she had an abnormally prominent pituitary stalk at the end of which, embedded in the remnants of muscle and fibrous tissue, was a nodule, 6 mm in diameter, which on section was apparently normal adenohypophysis. This has been subjected to critical rescrutiny and considered to be free from the focal hyperplasia and Crooke's changes present in the original pituitary. We know from experience in hypophysectomy for disseminated breast cancer that although we strive for total hypophysectomy this ideal is difficult to achieve, judging from the considerable number of patients who do not require thyroid replacement. In the case of pituitary tumours, however, we can make a virtue of necessity and provided that we have ablated the hypersecreting element, residual function or restoration of previously depressed function will be to the patient's advantage. There would seem to be three possible sources of residual function: the pharyngeal hypophysis, fragments of adenohypophysis left adherent to the walls of the pituitary fossa, and the pars tuberalis of the adenohypophysis which extends for a considerable distance upwards along the pituitary stalk to abut the hypothalamus. It is easier to believe that the releasing hormones from the hypothalamus would act on a remnant of adenohypophysis around the upper part of the stalk which is necessarily left in situ in the transsphenoidal operation, than that they would affect a devascularized fragment of gland in the sella or the pharyngeal hypophysis which they could reach only in minimal concentration through the general circulation.
If, as seems probable, pituitary tumours or focal hyperplasia develop because of abnormal drive from the hypothalamus, then it would seem most reasonable to remove not only the tumour but as much as possible of the apparently normal but potentially adenoma-bearing remainder of the gland. The situation seems to be analogous to that facing the thyroid surgeon when, in management of a thyroid adenoma, he performs subtotal thyroidectomy rather than simple removal of the adenoma. Hardy (1969) described microdissection of pituitary adenomas, identifying and removing them and preserving the macroscopically normal major part of the gland. For the reason given above, I prefer to attempt total hypophysectomy in the knowledge that even then there may well still be sufficient supradiaphragmatic hypophyseal tissue to regenerate and restore, partially or wholly, anterior pituitary function. If this does not occur, replacement therapy is a relatively simple matter. I have felt justified in this by the frequency with which adenoma or hyperplasia have been found in that part of the gland which macroscopically appeared quite normal, both in Cushing's disease and in acromegaly.
Acromegaly
Twenty-one patients, 11 men and 10 women, have been operated on by the transsphenoidal route. All had radiological evidence of sellar enlargement and none had more than minor suprasellar extension although 2 did have minor field loss. Apart from the changes in appearance, the major presenting symptoms were headache (7), nasal obstruction (2), parnsthesia of hands (9), changes in sexual function (8), depression (7) and temporal lobe epilepsy (2). At operation total hypophysectomy was attempted in each case and gross histological abnormalities were demonstrated in all. There was a chromophobe adenoma in one, mixed chromophobe and acidophil adenomas in 7, and acidophil adenoma or diffuse hyperplasia in 13. Five patients were operated on before growth hormone estimation was available. Fig 4 shows the results in 9 patients whose serum growth hormone levels were estimated preoperatively in The levels were above the upper limit of the test methods throughout the test in 2 patients, and several show a paradoxical rise in response to glucose. Fig 4 shows the levels at least six months postoperatively in the same 9 patients and in 4 who were not assessed preoperatively. In Fig 5 are shown the results in 7 patients who were assessed in the laboratory of the Birmingham & Midland Hospital for Women and the postoperative results of 5 of these are also shown in Fig 5. It will be seen that preoperatively 3 patients had levels above the upper limit of the method. Corresponding with amelioration of growth hormone levels, symptomatic relief has been good in respect of headache, paresthesia, epilepsy and depression, and there has been some improvement in facial appearance and shoe size.
Functionless Tumours
Four cases of functionless tumours have been operated on by the transsphenoidal route. Three women presented with hypopituitarism and nothing but tumour, histologically chromophobe, was recognized at operation. There has been no improvement in pituitary function in any, and in 1, in whom there was histological evidence of malignancy, a postoperative course of radiotherapy was given. The fourth case, an elderly man with a visual field defect due to a suprasellar extension and considered unfit for craniotomy, was treated by transsphenoidal operation and aspiration of a cystic chromophobe adenoma. His vision improved immediately but unfortunately he was lost to follow up after his discharge from hospital.
Mortality and Morbidity
There was no operative mortality in these 40 cases.
CSF rhinorrhaa occurred in 4 cases necessitating repacking the fossa with muscle in 2, and leading to meningitis in 2 patients. Persistent CSF rhinorrheea, even after repacking, necessitated craniotomy and fascial grafting of the fossa from above in one patient. Polyuria occurred postoperatively in all patients but persistent diabetes insipidus necessitating regular antidiuretic hormone treatment occurred in3. Severe mental depression occurred in the postoperative period in 2 acromegalic patients who had not previously suffered in this respect. However, 4 of the Cushing's patients and 7 of the acromegalics had had preoperative episodes of depression or mental disturbance. Deep vein thrombosis occurred in the postoperative period in 2 of the Cushing's disease patients. External rectus palsy occurred ten days postoperatively in another patient with Cushing's disease and recovered spontaneously within six months. Addisonian crisis occurred in 2 of the early Cushing's patients because at first we did not appreciate the very high level of steroid replacement which is necessary for the first two or three weeks.
Replacement Therapy
Of 39 patients whose requirements are known, developing hypothyroidism has necessitated thyroid replacement in 13. All patients were receiving cortisone on discharge from hospital and gradual withdrawal to zero has been possible in 14. The daily requirements of the remaining 25 vary between 10 and 50 mg of cortisone acetate. (1936) and Henderson (1939) advocated its continued use in certain cases.
Nager's Semon lecture in 1939 is a notable landmark in the operation's history, in that he demonstrated Cushing's and Dandy's abandonment of the procedure to have been premature and ill advised. He presented the results of 39 operations, in most of which he was able to improve or preserve the patient's eyesight.
After World War It, the discovery of antibiotics, cortisone and the operating microscope gave the operation a new impetus. Hamberger in particular realized the potential of these new weapons and was able to practise complete removal of the gland transantrally for endocrinological indications rather than just for the relief of pressure effects (Hamberger et al. 1960) . Bateman (1963) and Angell-James (1967) have made outstanding contributions to the development of the operation. Table 1 summarizes the various techniques of transsphenoidal hypophysectomy developed over the last 70 years.
In Cardiff between 1966 and 1973, 33 pituitary tumours have been operated upon by the transethmoidal route; of these 17 were for acromegaly, 10 for Cushing's disease, and 6 for miscellaneous tumours.
In acromegaly the operation was performed where there was progressive clinical disease with a raised growth hormone (GH) level of 20 ng/ml or more which was not suppressed after giving 50 g of oral glucose. Patients with Cushing's disease underwent surgery if there was clearcut clinical disease and the endocrinologist was satisfied that the disorder was pituitary in origin. Operation was indicated for nonsecreting tumours when there was clinical and radiological evidence of an expanding pituitary tumour without any considerable suprasellar extension. Hamberger (1960) 
